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(54) INK-JET RECORDING APPARATUS AND DRIVING METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the image quality by evening the 
flight speed of ink droplets regardless of the ink viscosity change. 
SOLUTION: A driving signal for a pressure generating element includes an 
expansion element 50 for expanding a pressure generating room, a first hold 
element 51 for maintaining the expanded state of the pressure generating 
room an ejection element 52 for ejecting ink droplets, a second hold 
element 53 for maintaining the contracted state of the pressure generating 
room, and a damping element 54 for restoring the pressure generating room 
in the contracted state to the expanded state so that the application time 
of each element is adjusted based on the detected temperature from a 
temperature detecting means for evening the flight speed of ink droplets. 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2. **** shows the word which can not be translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the ink jet type recording device equipped with a drive signal generation means to generate 
the driving signal which operates the pressure generating component corresponding to each of two or 
more nozzle orifices, expands and shrinks the pressure generating room which is open for free passage 
to a nozzle orifice, and makes an ink droplet breathe out from the nozzle orifice concerned to said 
driving signal The expansion element which changes potential from middle potential to the highest 
potential, and expands a pressure generating room, The 1 st hold element which holds the highest 
potential and holds the expansion condition of a pressure generating room. The regurgitation element 
which changes potential fi^om the highest potential to the minimum potential, shrinks the pressure 
generating room of an expansion condition, and makes an ink droplet breathe out is included. Said drive 
signal generation means A weight adjustment means to attain fixed-ization of the weight of the ink 
droplet which adjusts and carries out the regurgitation of the potential difference of the highest 
potential and the minimum potential based on the detection temperature from a temperature detection 
means. Based on the detection temperature from said temperature detection means, it has a flying- 
speed adjustment means to adjust the flying speed of the ink droplet which carries out the regurgitation. 
Said flying-speed adjustment means The Inkjet type recording device characterized by making 
impression time amount of the 1st hold element shorter than the criteria impression time amount in 
reference temperature when detection temperature is higher than reference temperature. 
[Claim 2] In the Inkjet type recording device equipped with a drive signal generation means to generate 
the driving signal which operates the pressure generating component corresponding to each of two or 
more nozzle orifices, expands and shrinks the pressure generating room which is open for free passage 
to a nozzle orifice, and makes an ink droplet breathe out from the nozzle orifice concerned to said 
driving signal The expansion element which changes potential from middle potential to the highest 
potential, and expands a pressure generating room. The 1 st hold element which holds the highest 
potential and holds the expansion condition of a pressure generating room. The regurgitation element 
which changes potential from the highest potential to the minimum potential, shrinks the pressure 
generating room of an expansion condition, and makes an ink droplet breathe out is included. Said drive 
signal generation means A regurgitation weight adjustment means to attain fixedHzation of the weight of 
the ink droplet which adjusts and carries out the regurgitation of the potential difference of the highest 
potential and the minimum potential based on the detection temperature from a temperature detection 
means. Based on the detection temperature from said temperature detection means, it has a flying- 
speed adjustment means to adjust the flying speed of the ink droplet which carries out the regurgitation. 
Said flying-speed adjustment means The ink jet type recording device characterized by making 
impression time amount of a regurgitation element longer than the criteria impression time amount in 
reference temperature when detection temperature is lower than reference temperature. 
[Claim 3] In the Inkjet type recording device equipped with a drive signal generation means to generate 
the driving signal which operates the pressure generating component corresponding to each of two or 
more nozzle orifices, expands and shrinks the pressure generating room which is open for free passage 
to a nozzle orifice, and makes an ink droplet breathe out from the nozzle orifice concerned to said 
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driving signal The expansion element which changes potential from middle potential to the highest 
potential, and expands a pressure generating room. The 1 st hold element which holds the highest 
potential and holds the expansion condition of a pressure generating room. The regurgitation element 
which changes potential from the highest potential to the minimum potential, shrinks the pressure 
generating room of an expansion condition, and makes an ink droplet breathe out, The 2nd hold element 
which holds the minimum potential and holds the contraction condition of a pressure generating room. 
The vibration-deadening element which changes potential from the minimum potential to middle 
potential, and carries out the expansion return of the pressure generating room of a contraction 
condition is included. Said drive signal generation means A regurgitation weight adjustment means to 
attain fixed-ization of the weight of the ink droplet which adjusts and carries out the regurgitation of the 
potential difference of the highest potential and the minimum potential based on the detection 
temperature from a temperature detection means, It is based on the detection temperature of said 
temperature detection means, and has a middle potential adjustment means to adjust the potential 
difference of said 2nd hold element and the vibration-deadening element at the time of expansion return 
termination of a pressure generating room. Said middle potential adjustment means makes the potential 
difference larger than the reference potential difference in reference temperature, when detection 
temperature is higher than reference temperature, and when detection temperature is lower than 
reference temperature, it makes the potential difference smaller than said reference potential difference. 
The ink jet type recording device characterized by considering as the middle potential at the time of 
expansion initiation of an expansion element. 

[Claim 4] In the ink jet type recording device equipped with a drive signal generation means to generate 
the driving signal which operates the pressure generating component corresponding to each of two or 
more nozzle orifices, expands and shrinks the pressure generating room which is open for free passage 
to a nozzle orifice, and makes an ink droplet breathe out from the nozzle orifice concerned to said 
driving signal The expansion element which changes potential from middle potential to the highest 
potential, and expands a pressure generating room. The 1 st hold element which holds the highest 
potential and holds the expansion condition of a pressure generating room, The regurgitation element 
which changes potential from the highest potential to the minimum potential, shrinks the pressure 
generating room of an expansion condition, and makes an ink droplet breathe out. The 2nd hold element 
which holds the minimum potential and holds the contraction condition of a pressure generating room. 
The vibration-deadening element which changes potential from the minimum potential to middle 
potential, and carries out the expansion return of the pressure generating room of a contraction 
condition is included. Said drive signal generation means A regurgitation weight adjustment means to 
attain fixed-ization of the weight of the ink droplet which adjusts and carries out the regurgitation of the 
potential difference of the highest potential and the minimum potential based on the detection 
temperature from a temperature detection means, A flying-speed adjustment means to adjust the flying 
speed of the ink droplet which carries out the regurgitation based on the detection temperature from 
said temperature detection means. It is based on the detection temperature of said temperature 
detection means, and has a middle potential adjustment means to adjust the potential difference of said 
2nd hold element and the vibration-deadening element at the time of expansion return termination of a 
pressure generating room. When detection temperature is higher than reference temperature, said 
flying^speed adjustment means the impression time amount of the 1st hold element The ink jet type 
recording device characterized by making it shorter than the criteria impression time amount in 
reference temperature, and for said middle potential adjustment means making the potential difference 
larger than the reference potential difference in reference temperature, and considering as the middle 
potential at the time of expansion initiation of an expansion element. 

[Claim 5] In the ink jet type recording device equipped with a drive signal generation means to generate 
the driving signal which operates the pressure generating component corresponding to each of two or 
more nozzle orifices, expands and shrinks the pressure generating room which is open for free passage 
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to a nozzle orifice, and makes an ink droplet breathe out fi^om the nozzle orifice concerned to said 
driving signal The expansion element which changes potential from middle potential to the highest 
potential, and expands a pressure generating room, The 1 st hold element which holds the highest 
potential and holds the expansion condition of a pressure generating room. The regurgitation element 
which changes potential from the highest potential to the minimum potential, shrinks the pressure 
generating room of an expansion condition, and makes an ink droplet breathe out, The 2nd hold element 
which holds the minimum potential and holds the contraction condition of a pressure generating room, 
The vibration-deadening element which changes potential from the minimum potential to middle 
potential, and carries out the expansion return of the pressure generating room of a contraction 
condition is included. Said drive signal generation means A regurgitation weight adjustment means to 
attain fixedHzation of the weight of the ink droplet which adjusts and carries out the regurgitation of the 
potential difference of the highest potential and the minimum potential based on the detection 
temperature fi^om a temperature detection means, A flying-speed adjustment means to adjust the flying 
speed of the ink droplet which carries out the regurgitation based on the detection temperature from 
said temperature detection means, It is based on the detection temperature of said temperature 
detection means, and has a middle potential adjustment means to adjust the potential difference of said 
2nd hold element and the vibration-deadening element at the time of expansion return termination of a 
pressure generating room. When detection temperature is lower than reference temperature, said flying- 
speed adjustment means the impression time amount of a regurgitation element The Inkjet type 
recording device characterized by making it longer than the criteria impression time amount in reference 
temperature, and for said middle potential adjustment means making the potential difference smaller 
than the reference potential difference in reference temperature, and considering as the middle potential 
at the time of expansion initiation of an expansion element. 

[Claim 6] Based on the detection temperature from a temperature detection means, the pressure 
generating component corresponding to each of two or more nozzle orifices is operated. In the drive 
approach of an ink jet type recording device of expanding and shrinking the pressure generating room 
which is open for free passage to a nozzle orifice, and making an ink droplet breathing out from the 
nozzle orifice concerned In the driving signal for operating said pressure generating component The 
expansion element which changes potential from middle potential to the highest potential, and expands a 
pressure generating room. The 1 st hold element which holds the highest potential and holds the 
expansion condition of a pressure generating room, The regurgitation element which changes potential 
from the highest potential to the minimum potential, shrinks the pressure generating room of an 
expansion condition, and makes an ink droplet breathe out is included. While adjusting the potential 
difference of the highest potential and the minimum potential and adjusting the amount of regurgitation 
ink based on the detection temperature from a temperature detection means, when detection 
temperature is higher than reference temperature The drive approach of the Inkjet type recording 
device characterized by making impression time amount of the 1 st hold element shorter than the criteria 
impression time amount in reference temperature, and adjusting a regurgitation ink rate. 
[Claim 7] In the drive approach of an ink jet type recording device of operating the pressure generating 
component corresponding to each of two or more nozzle orifices, expanding and shrinking the pressure 
generating room which is open for free passage to a nozzle orifice, and making an ink droplet breathing 
out from the nozzle orifice concerned In the driving signal for operating said pressure generating 
component The expansion element which changes potential from middle potential to the highest 
potential, and expands a pressure generating room, The 1st hold element which holds the highest 
potential and holds the expansion condition of a pressure generating room. The regurgitation element 
which changes potential from the highest potential to the minimum potential, shrinks the pressure 
generating room of an expansion condition, and makes an ink droplet breathe out is included. While 
adjusting the potential difference of the highest potential and the minimum potential and adjusting the 
amount of regurgitation ink based on the detection temperature from a temperature detection means. 
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when detection temperature is lower than reference temperature The drive approach of the ink jet type 
recording device characterized by making impression time amount of a regurgitation element longer than 
the criteria impression time amount in reference temperature, and adjusting a regurgitation ink rate. 
[Claim 8] In the drive approach of an Inkjet type recording device of operating the pressure generating 
component corresponding to each of two or more nozzle orifices, expanding and shrinking the pressure 
generating room which is open for free passage to a nozzle orifice, and making an ink droplet breathing 
out from the nozzle orifice concerned In the driving signal for operating said pressure generating 
component The expansion element which changes potential from middle potential to the highest 
potential, and expands a pressure generating room, The 1st hold element which . holds the highest 
potential and holds the expansion condition of a pressure generating room. The regurgitation element 
which changes potential from the highest potential to the minimum potential, shrinks the pressure 
generating room of an expansion condition, and makes an ink droplet breathe out. The 2nd hold element 
which holds the minimum potential and holds the contraction condition of a pressure generating room. 
While adjusting the potential difference of the highest potential and the minimum potential and adjusting 
the amount of regurgitation ink based on the detection temperature from a temperature detection 
means including the vibration-deadening element which changes potential from the minimum potential to 
middle potential, and carries out the expansion return of the pressure generating room of a contraction 
condition When detection temperature is higher than reference temperature, the potential difference of 
the 2nd hold element and the vibration-deadening element at the time of expansion return termination 
of a pressure generating room It adjusts more greatly than the reference potential difference in 
reference temperature. When detection temperature is lower than reference temperature The drive 
approach of the ink jet type recording device characterized by adjusting smaller than the reference 
potential difference in a base temperature the potential difference of the 2nd hold element and the 
vibration-deadening element at the time of expansion return termination of a pressure generating room. 
[Claim 9] Based on the detection temperature from a temperature detection means, the pressure 
generating component corresponding to each of two or more nozzle orifices is operated. In the drive 
approach of an ink jet type recording device of expanding and shrinking the pressure generating room 
which is open for free passage to a nozzle orifice, and making an ink droplet breathing out from the 
nozzle orifice concerned In the driving signal for operating said pressure generating component The 
expansion element which changes potential from middle potential to the highest potential, and expands a 
pressure generating room. The 1st hold element which holds the highest potential and holds the 
expansion condition of a pressure generating room, The regurgitation element which changes potential 
from the highest potential to the minimum potential, shrinks the pressure generating room of an 
expansion condition, and makes an ink droplet breathe out, The 2nd hold element which holds the 
minimum potential and holds the contraction condition of a pressure generating room. The vibration- 
deadening element which changes potential fi^om the minimum potential to middle potential, and carries 
out the expansion return of the pressure generating room of a contraction condition is included. Based 
on the detection temperature from a temperature detection means, the potential difference of the 
highest potential and the minimum potential is adjusted. Adjust the amount of regurgitation ink, and 
when detection temperature is higher than reference temperature While making impression time amount 
of the 1st hold element shorter than the criteria impression time amount in reference temperature and 
adjusting a regurgitation ink rate The drive approach of the ink jet type recording device characterized 
by adjusting more greatly than the reference potential difference in a base temperature the potential 
difference of the 2nd hold element and the vibration-deadening element at the time of expansion return 
termination of a pressure generating room. 

[Claim 10] In the drive approach of an Inkjet type recording device of operating the pressure generating 
component corresponding to each of two or more nozzle orifices, expanding and shrinking the pressure 
generating room which is open for free passage to a nozzle orifice, and making an ink droplet breathing 
out from the nozzle orifice concerned In the driving signal for operating said pressure generating 



-5- 



component The expansion element which changes potential from middle potential to the highest 
potential, and expands a pressure generating room, The 1st hold element which holds the highest 
potential and holds the expansion condition of a pressure generating room. The regurgitation element 
which changes potential from the highest potential to the minimum potential, shrinks the pressure 
generating room of an expansion condition, and makes an ink droplet breathe out, The 2nd hold element 
which holds the minimum potential and holds the contraction condition of a pressure generating room. 
The vibration-deadening element which changes potential from the minimum potential to middle 
potential, and carries out the expansion return of the pressure generating room of a contraction 
condition is included. Based on the detection temperature from a temperature detection means, the 
potential difference of the highest potential and the minimum potential is adjusted. Adjust the amount of 
regurgitation ink. and when detection temperature is lower than reference temperature While making 
impression time amount of a regurgitation element longer than the criteria impression time amount in 
reference temperature and adjusting a regurgitation ink rate The drive approach of the ink jet type 
recording device characterized by adjusting smaller than the reference potential difference in a base 
temperature the potential difference of the 2nd hold element and the vibration-deadening element at the 
time of expansion return termination of a pressure generating room. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention operates the pressure generating component corresponding to 
each of two or more nozzle orifices in detail based on the detection temperature from a temperature 
detection means to detect the environmental temperature of a recording head, about an ink jet type 
recording device and its drive approaches, such as an ink jet printer or an ink jet plotter, and relates to 
the Inkjet type recording device which expands and shrinks the pressure generating room which is open 
for free passage to a nozzle orifice, and makes an ink droplet breathe out from a nozzle orifice, and its 
drive approach. 
[0002] 

[Description of the Prior Art] The thing of a format which performs the regurgitation of an ink droplet is 
known by changing the volume of the pressure generating room (ink room) which is open for free 
passage to a nozzle orifice as an Inkjet head (recording head) used for various ink jet type recording 
apparatus, such as an ink jet printer and an ink jet plotter. In this kind of Inkjet type recording device, 
the volume of a pressure generating room is changed by forming the elastic plate in which elastic 
deformation is possible in the direction of the outside of a field at a part of peripheral wall which is 
carrying out partition formation of the pressure generating room, and vibrating this elastic plate by 
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pressure generating components, such as a piezoelectric transducer. 

[0003] In an InkJet type recording device, for realizing high-definition record, it is necessary to make the 
diameter of a record dot small, it considers as the approach of making the diameter of a record dot 
small, and it is said that it makes it contract since the pressure generating room which is open for free 
passage to a nozzle orifice is expanded from the former — being the so-called — " — it lengthens and 
strikes and" method is adopted. According to this method, since weight of an ink droplet can be 
lessened, it is possible to make the diameter of a record dot small, this — " — the driving signal for 
lengthening and striking and operating a piezoelectric transducer in the Inkjet type recording device of" 
method As shown in drawing 7 (a), after only predetermined time maintains the middle potential Vm (hold 
pulse a), It goes up with inclination fixed to the highest potential VPS (expansion element: charge pulse 

a) . After only predetermined time maintains this highest potential VPS (the 1 st hold element: hold pulse 

b) , After it descends with inclination fixed to the minimum potential VLS (regurgitation element: 
discharge pulse) and only predetermined time maintains this minimum potential VLS (the 2nd hold 
element: hold pulse c), it goes up again with Inclination fixed to the middle potential Vm (vibration- 
deadening element: charge pulse b). 

[0004] In the recording head which is shown in drawing 2 according to such a driving signal The 
meniscus of ink after breathing out an ink droplet by impression of a discharge pulse (regurgitation 
element) As shown in drawing 7 (a) and (b), vibration of the meniscus excited by the charge pulse b 
(vibration-deadening element) impressed previously by the charge pulse a (expansion element) and the 
discharge pulse (regurgitation element) is controlled. While the hold pulse a is impressed, a meniscus will 
be in the condition of having attenuated vibration and having stood it still. Here, if the charge pulse a 
(expansion element) is impressed, it will contract in the direction which expands the volume of a 
pressure generating room, and negative pressure will produce a piezoelectric transducer in a pressure 
generating room. 

[0005] Consequently, a meniscus causes the motion which goes to the interior of a nozzle orifice, and a 
meniscus is drawn in the interior of a nozzle orifice. And if a discharge pulse (regurgitation element) is 
impressed after holding while this condition is impressed to the hold pulse b (the 1st hold element), 
positive pressure will occur in a pressure generating room, and an ink droplet will be breathed out from a 
nozzle orifice. 

[0006] Moreover, if ink viscosity changes with change of environmental temperature, the weight of the 
ink droplet which carries out the regurgitation will be changed. That is, when temperature is high, ink 
viscosity is small, the weight of an ink droplet increases, when temperature is low. ink viscosity will be 
large and the weight of an ink droplet will decrease. This effect will appear for record grace notably, 
when the diameter of a record dot is small. Then, a temperature sensor is formed, and in order to 
prevent deterioration of the record grace accompanying a temperature change, based on the detection 
temperature by this temperature sensor, the driver voltage VHN (potential difference of the highest 
potential and the minimum potential) which drives a piezoelectric transducer is adjusted, and the weight 
of ink ** which carries out the regurgitation is adjusted irrespective of change of ink viscosity so that it 
may become fixed. 

[0007] Thus, while fixing weight of the Ink droplet which carries out the regurgitation irrespective of 
change of the ink viscosity by the temperature change, the diameter of a record dot tends to be made 
small and it is going to realize high-definition record. 
[0008] 

[Problem(s) to be Solved by the Invention] However, in the Inkjet type recording device mentioned 
above, although weight of ink which carries out the regurgitation in spite of change of the ink 
viscosity accompanying a temperature change was fixed, since the behavior of ink changed by change of 
ink viscosity, it was difficult [ it ] to make it regularity to the flying speed (regurgitation rate) of the ink 
droplet adjusted to fixed weight. That is, in the thing of 7 m/s, the flying speed of an ink droplet will turn 
into [ the flying speed of the ink droplet in reference temperature (25 degrees C) ] 6 m/s extent or a 
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rate below it from this reference temperature at high temperature, for example, the condition of 35- 
degree Centigrade. Moreover, the flying speed of an ink droplet will turn into a rate exceeding 8 m/s 
extent or it at temperature lower than this reference temperature, for example, the condition of 15- 
degree Centigrade. 

[0009] And if the regurgitation stability of an ink droplet will be spoiled, a gap will arise in the impact 
location (record location) of an ink droplet, if the flying speed of an ink droplet falls to the bottom of an 
elevated temperature, and the flying speed of an ink droplet rises under low temperature, a feeling of a 
rough deposit will arise in a record image. 

[0010] When it is going to attain improvement in the speed of a recording rate and the scan speed of 
carriage is especially made into a high speed, impact locatrons will differ greatly by the case where they 
are the case where environmental temperature is an elevated temperature, and low temperature. 
[001 1] Furthermore, in the so-called serial printer which makes a main scanning direction carry out 
both-way migration of the carriage, when the so-called Bi-D printing which performs record actuation at 
both times of ^^^^ and double action (an ink droplet is made to breathe out) is performed, since a gap of 
the impact location of the ink droplet at the time of **** and the impact location of the ink droplet at 
the time of double action becomes large, image quality will worsen further. 

[001 2] Moreover, since how to move vibration in connection with this also differs when the viscosity of 
ink changes, vibration of the meniscus after breathing out an ink droplet cannot be equivalent to change 
of environmental temperature in the vibration-deadening wave in reference temperature, either. And if 
the methods of convergence of vibration of the meniscus after the regurgitation with environmental 
temperature differ, vibration of this meniscus will affect the flying speed of the following ink droplet, and 
image quality will become unstable. 

[0013] then, this invention — being the so-called — " — in the ink jet type recording device which 
lengthened and struck and adopted" method, while attaining fixed-ization of the weight of an ink droplet 
irrespective of change of the ink viscosity accompanying a temperature change, it aims at offering the 
Inkjet type recording device which attains fixed-ization of the flying speed of an ink droplet, and can 
record the image of the stable image quality, and its drive approach. 
[0014] 

[Means for Solving the Problem] This invention is what was proposed in order to attain the above- 
mentioned purpose. A thing according to claim 1 In the ink jet type recording device equipped with a 
drive signal generation means to generate the driving signal which operates the pressure generating 
component corresponding to each of two or more nozzle orifices, expands and shrinks the pressure 
generating room which is open for free passage to a nozzle orifice, and makes an ink droplet breathe out 
from the nozzle orifice concerned to said driving signal The expansion element which changes potential 
from middle potential to the highest potential, and expands a pressure generating room. The 1 st hold 
element which holds the highest potential and holds the expansion condition of a pressure generating 
room. The regurgitation element which changes potential from the highest potential to the minimum 
potential, shrinks the pressure generating room of an expansion condition, and makes an ink droplet 
breathe out is included. Said drive signal generation means A weight adjustment means to attain fixed- 
ization of the weight of the ink droplet which adjusts and carries out.the regurgitation of the potential 
difference of the highest potential and the minimum potential based on the detection temperature from 
a temperature detection means, Based on the detection temperature from said temperature detection 
means, it has a flying-speed adjustment means to adjust the flying speed of the ink droplet which carries 
out the regurgitation. Said flying-speed adjustment means When detection temperature is higher than 
reference temperature, it is the ink jet type recording device characterized by making impression time 
amount of the 1 st hold element shorter than the criteria impression time amount in reference 
temperature. 

[0015] A thing according to claim 2 operates the pressure generating component corresponding to each 
of two or more nozzle orifices. In the ink jet type recording device equipped with a drive signal 
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generation means to generate the driving signal which expands and shrinks the pressure generating room 
which is open for free passage to a nozzle orifice, and makes an ink droplet breathe out from the nozzle 
orifice concerned The expansion element which changes potential from middle potential to the highest 
potential to said driving signal, and expands a pressure generating room to it, The 1st hold element 
which holds the highest potential and holds the expansion condition of a pressure generating room. The 
regurgitation element which changes potential from the highest potential to the minimum potential, 
shrinks the pressure generating room of an expansion condition, and makes an ink droplet breathe out is 
included. Said drive signal generation means A regurgitation weight adjustment means to attain fixed- 
ization of the weight of the ink droplet which adjusts and carries out the regurgitation of the potential 
difference of the highest potential and the minimum potential based on the detection temperature from 
a temperature detection means. Based on the detection temperature from said temperature detection 
means, it has a flying^speed adjustment means to adjust the flying speed of the ink droplet which carries 
out the regurgitation. Said flying-speed adjustment means When detection temperature is lower than 
reference temperature, it is the ink jet type recording device characterized by making impression time 
amount of a regurgitation element longer than the criteria impression time amount in reference 
temperature. 

[001 6] A thing according to claim 3 operates the pressure generating component corresponding to each 
of two or more nozzle orifices. In the ink jet type recording device equipped with a drive signal 
generation means to generate the driving signal which expands and shrinks the pressure generating room 
which is open for free passage to a nozzle orifice, and makes an ink droplet breathe out from the nozzle 
orifice concerned The expansion element which changes potential from middle potential to the highest 
potential to said driving signal, and expands a pressure generating room to it, The 1st hold element 
which holds the highest potential and holds the expansion condition of a pressure generating room. The 
regurgitation element which changes potential from the highest potential to the minimum potential, 
shrinks the pressure generating room of an expansion condition, and makes an ink droplet breathe out. 
The 2nd hold element which holds the minimum potential and holds the contraction condition of a 
pressure generating room. The vibration-deadening element which changes potential from the minimum 
potential to middle potential, and carries out the expansion return of the pressure generating room of a 
contraction condition is included. Said drive signal generation means A regurgitation weight adjustment 
means to attain fixed-ization of the weight of the ink droplet which adjusts and carries out the 
regurgitation of the potential difference of the highest potential and the minimum potential based on the 
detection temperature from a temperature detection means. It is based on the detection temperature of 
said temperature detection means, and has a middle potential adjustment means to adjust the potential 
difference of said 2nd hold element and the vibration-deadening element at the time of expansion return 
termination of a pressure generating room. Said middle potential adjustment means makes the potential 
difference larger than the reference potential difference in reference temperature, when detection 
temperature is higher than reference temperature, and when detection temperature is lower than 
reference temperature, it makes the potential difference smaller than said reference potential difference. 
It is the ink jet type recording device characterized by considering as the middle potential at the time of 
expansion initiation of an expansion element. 

[0017] A thing according to claim 4 operates the pressure generating component corresponding to each 
of two or more nozzle orifices. In the ink jet type recording device equipped with a drive signal 
generation means to generate the driving signal which expands and shrinks the pressure generating room 
which is open for free passage to a nozzle orifice, and makes an ink droplet breathe out from the nozzle 
orifice concerned The expansion element which changes potential from middle potential to the highest 
potential to said driving signal, and expands a pressure generating room to it. The 1st hold element 
which holds the highest potential and holds the expansion condition of a pressure generating room. The 
regurgitation element which changes potential from the highest potential to the minimum potential, 
shrinks the pressure generating room of an expansion condition, and makes an ink droplet breathe out, 



-9- 



The 2nd hold element which holds the minimum potential and holds the contraction condition of a 
pressure generating room, The vibration-deadening element which changes potential from the minimum 
potential to middle potential, and carries out the expansion return of the pressure generating room of a 
contraction condition is included. Said drive signal generation means A regurgitation weight adjustment . 
means to attain fixed-ization of the weight of the ink droplet which adjusts and carries out the 
regurgitation of the potential difference of the highest potential and the minimum potential based on the 
detection temperature from a temperature detection means. A flying-speed adjustment means to adjust 
the flying speed of the ink droplet which carries out the regurgitation based on the detection 
temperature from said temperature detection means. It is based on the detection temperature of said 
temperature detection means, and has a middle potential adjustment means to adjust the potential 
difference of said 2nd hold element and the vibration-deadening element at the time of expansion return 
termination of a pressure generating room. When detection temperature is higher than reference 
temperature, said flying-speed adjustment means the impression time amount of the 1st hold element It 
is the ink jet type recording device which makes it shorter than the criteria impression time amount in 
reference temperature, and is characterized by for said middle potential adjustment means making the 
potential difference larger than the reference potential difference in reference temperature, and 
considering as the middle potential at the time of expansion initiation of an expansion element. 
[0018] A thing according to claim 5 operates the pressure generating component corresponding to each 
of two or more nozzle orifices. In the ink jet type recording device equipped with a drive signal 
generation means to generate the driving signal which expands and shrinks the pressure generating room 
which is open for free passage to a nozzle orifice, and makes an ink droplet breathe out from the nozzle 
orifice concerned The expansion element which changes potential from middle potential to the highest 
potential to said driving signal, and expands a pressure generating room to it, The 1 st hold element 
which holds the highest potential and holds the expansion condition of a pressure generating room, The 
regurgitation element which changes potential from the highest potential to the minimum potential, 
shrinks the pressure generating room of an expansion condition, and makes an ink droplet breathe out. 
The 2nd hold element which holds the minimum potential and holds the contraction condition of a 
pressure generating room, The vibration-deadening element which changes potential from the minimum 
potential to middle potential, and carries out the expansion return of the pressure generating room of a 
contraction condition is included. Said drive signal generation means A regurgitation weight adjustment 
means to attain fixed-ization of the weight of the ink droplet which adjusts and carries out the 
regurgitation of the potential difference of the highest potential and the minimum potential based on the 
detection temperature from a temperature detection means, A flying-speed adjustment means to adjust 
the flying, speed of the ink droplet which carries out the regurgitation based on the detection 
temperature from said temperature detection means, It is based on the detection temperature of said 
temperature detection means, and has a middle potential adjustment means to adjust the potential 
difference of said 2nd hold element and the vibration-deadening element at the time of expansion return 
termination of a pressure generating room. When detection temperature is lower than reference 
temperature, said flying-speed adjustment means the impression time amount of a regurgitation element 
It is the ink jet type recording device which makes it longer than the criteria impression time amount in 
reference temperature, and is characterized by for said middle potential adjustment means making the 
potential difference smaller than the reference potential difference in reference temperature, and 
considering as the middle potential at the time of expansion initiation of an expansion element. 
[0019] A thing according to claim 6 is based on detection temperature from a temperature detection 
means. In the drive approach of an ink jet type recording device of operating the pressure generating 
component corresponding to each of two or more nozzle orifices, expanding and shrinking the pressure 
generating room which is open for free passage to a nozzle orifice, and making an ink droplet breathing 
out from the nozzle orifice concerned In the driving signal for operating said pressure generating 
component The expansion element which changes potential from middle potential to the highest 
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potential, and expands a pressure generating room, The 1 st hold element which holds the highest 
potential and holds the expansion condition of a pressure generating room. The regurgitation element 
which changes potential from the highest potential to the minimum potential, shrinks the pressure 
generating room of an expansion condition, and makes an ink droplet breathe out is included. While 
adjusting the potential difference of the highest potential and the minimum potential and adjusting the 
amount of regurgitation ink based on the detection temperature from a temperature detection means, 
when detection temperature is higher than reference temperature It is the drive approach of the ink jet 
type recording device characterized by making impression time amount of the 1st hold element shorter 
than the criteria impression time amount in reference temperature, and adjusting a regurgitation ink rate. 
[0020] A thing according to claim 7 operates the pressure generating component corresponding to each 
of two or more nozzle orifices. In the drive approach of an ink jet type recording device of expanding and 
shrinking the pressure generating room which is open for free passage to a nozzle orifice, and making an 
ink droplet breathing out from the nozzle orifice concerned In the driving signal for operating said 
pressure generating component The expansion element which changes potential from middle potential to 
the highest potential, and expands a pressure generating room. The 1 st hold element which holds the 
highest potential and holds the expansion condition of a pressure generating room. The regurgitation 
element which changes potential from the highest potential to the minimum potential, shrinks the 
pressure generating room of an expansion condition, and makes an ink droplet breathe out is included. 
While adjusting the potential difference of the highest potential and the minimum potential and adjusting 
the amount of regurgitation ink based on the detection temperature from a temperature detection 
means, when detection temperature is lower than reference temperature It is the drive approach of the 
ink jet type recording device characterized by making impression time amount of a regurgitation element 
longer than the criteria impression time amount in reference temperature, and adjusting a regurgitation 
ink rate. 

[0021] A thing according to claim 8 operates the pressure generating component corresponding to each 
of two or more nozzle orifices. In the drive approach of an ink jet type recording device of expanding and 
shrinking the pressure generating room which is open for free passage to a nozzle orifice, and making an 
ink droplet breathing out from the nozzle orifice concerned In the driving signal for operating said 
pressure generating component The expansion element which changes potential from middle potential to 
the highest potential, and expands a pressure generating room. The 1 st hold element which holds the 
highest potential and holds the expansion condition of a pressure generating room. The regurgitation 
element which changes potential from the highest potential to the minimum potential, shrinks the 
pressure generating room of an expansion condition, and makes an ink droplet breathe out. The 2nd hold 
element which holds the minimum potential and holds the contraction condition of a pressure generating 
room. While adjusting the potential difference of the highest potential and the minimum potential and 
adjusting the amount of regurgitation ink based on the detection temperature from a temperature 
detection means including the vibration-deadening element which changes potential from the minimum 
potential to middle potential, and carries out the expansion return of the pressure generating room of a 
contraction condition When detection temperature is higher than reference temperature, the potential 
difference of the 2nd hold element and the vibration-deadening element at the time of expansion return 
termination of a pressure generating room It adjusts more greatly than the reference potential difference 
in reference temperature. When detection temperature is lower than reference temperature It is the 
drive approach of the ink Jet type recording device characterized by adjusting smaller than the reference 
potential difference in a base temperature the potential difference of the 2nd hold element and the 
vibration-deadening element at the time of expansion return termination of a pressure generating room. 
[0022] A thing according to claim 9 is based on detection temperature from a temperature detection 
means. In the drive approach of an ink jet type recording device of operating the pressure generating 
component corresponding to each of two or more nozzle orifices, expanding and shrinking the pressure 
generating room which is open for free passage to a nozzle orifice, and making an ink droplet breathing 
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out from the nozzle orifice concerned In the driving signal for operating said pressure generating 
component The expansion element which changes potential from middle potential to the highest 
potential, and expands a pressure generating room, The 1st hold element which holds the highest 
potential and holds the expansion condition of a pressure generating room. The regurgitation element 
which changes potential from the highest potential to the minimum potential, shrinks the pressure 
generating room of an expansion condition, and makes an ink droplet breathe out, The 2nd hold element 
which holds the minimum potential and holds the contraction condition of a pressure generating room. 
The vibration-deadening element which changes potential from the minimum potential to middle 
potential, and carries out the expansion return of the pressure generating room of a contraction 
condition is included. Based on the detection temperature from a temperature detection means, the 
potential difference of the highest potential and the minimum potential is adjusted. Adjust the amount of 
regurgitation ink, and when detection temperature is higher than reference temperature While making 
impression time amount of the 1 st hold element shorter than the criteria impression time amount in 
reference temperature and adjusting a regurgitation ink rate It is the drive approach of the Inkjet type 
recording device characterized by adjusting more greatly than the reference potential difference in a 
base temperature the potential difference of the 2nd hold element and the vibration-deadening element 
at the time of expansion return termination of a pressure generating room. 

[0023] A thing according to claim 10 operates the pressure generating component corresponding to 
each of two or more nozzle orifices. In the drive approach of an ink jet type recording device of 
expanding and shrinking the pressure generating room which is open for free passage to a nozzle orifice, 
and making an ink droplet breathing out from the nozzle orifice concerned In the driving signal for 
operating said pressure generating component The expansion element which changes potential from 
middle potential to the highest potential, and expands a pressure generating room. The 1st hold element 
which holds the highest potential and holds the expansion condition of a pressure generating room, The 
regurgitation element which changes potential from the highest potential to the minimum potential, 
shrinks the pressure generating room of an expansion condition, and makes an ink droplet breathe out. 
The 2nd hold element which holds the minimum potential and holds the contraction condition of a 
pressure generating room. The vibration-deadening element which changes potential from the minimum 
potential to middle potential, and carries out the expansion return of the pressure generating room of a 
contraction condition is included. Based on the detection temperature from a temperature detection 
means, the potential difference of the highest potential and the minimum potential is adjusted. Adjust 
the amount of regurgitation ink. and when detection temperature is lower than reference temperature 
While making impression time amount of a regurgitation element longer than the criteria impression time 
amount in reference temperature and adjusting a regurgitation ink rate It is the drive approach of the ink 
jet type recording device characterized by adjusting smaller than the reference potential difference in a 
base temperature the potential difference of the 2nd hold element and the vibration-deadening element 
at the time of expansion return termination of a pressure generating room. 
[0024] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on 
a drawing. 

[0025] As shown in drawing 1 , the outline configuration of the ink jet type recording apparatus (Inkjet 
printer) is carried out from a printer controller 1 and printer engine 2. 

[0026] The sensor interface 4 whose printer controller 1 receives the input signal from a temperature 
sensor 3 (for example, thermistor) through an A/D converter (henceforth sensor I/F), The external 
interface 5 which receives the various data from a host computer (not shown) etc. (henceforth external 
I/F), RAM6 which memorizes various data temporarily, and R0M7 which memorized the control program 
etc.. The control section 8 constituted including CPU etc., and the oscillator circuit 9 which generates a 
clock signal. The drive signal generating circuit 1 1 which generates the driving signal for supplying a 
recording head 1 0, The power-source generation section 1 2 which generates the power source for 
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generating a driving signal in this drive signal generating circuit 1 1 . It has the internal interface 
(henceforth internal I/F) 13 which transmits a driving signal, the dot pattern data (bit map data) 
developed based on print data to printer engine 2. 

[0027] Sensor I/F4 receives as a temperature signal into which the temperature signal of an analog 
quantity inputted from the temperature sensor 3 mentioned later was changed by digital quantity 
through A/D converter 14. Here, a temperature sensor 3 and A/D converter 14 function as a 
temperature detection means in this invention. 

[0028] External I/F5 receives the print data constituted by a character code, a graphic function, the 
image data, etc. from a host computer etc. Moreover, a busy signal (BUSY) and an acknowledgement 

signal (ACK) are outputted to a host computer etc. through this external I/F5. 

[0029] RAM6 functions as a receive buffer, a middle buffer, an output buffer, and work-piece memory 
that is not illustrated. And a receive buffer memorizes temporarily the print data received through 
external I/F5, a middle buffer memorizes the pseudo code data which the control section 8 changed, and 
an output buffer memorizes dot pattern data. The printing data obtained by decoding gradation data 
(translation) constitute this dot pattern data. 

[0030] Moreover, ROM7 is made to have memorized the drive signal conditioning data mentioned later, 
font data, a graphic function, etc. besides the control program (control routine) for making various data 
processing perform. 

[0031] A control section 8 stores in a middle buffer the pseudo code data which changed and obtained 
these print data while it performs various kinds of control and also reads the print data in a receive 
buffer. Moreover, the pseudo code data read from the middle buffer are analyzed, and it develops to dot 
pattern data with reference to font data, a graphic function, etc. which are memorized by ROM7. And a 
control section 8 makes an output buffer memorize this dot pattern data, after performing required 
ornament processing. 

[0032] And if the dot pattern data recordable by one horizontal scanning of a recording head 10 for one 
line are obtained, this dot pattern data for one line will be outputted to a recording head 10 one by one 
through internal I/F13 from an output buffer. Moreover, if the dot pattern data for one line are outputted 
from an output buffer, pseudo code data [ finishing / expansion ] will be eliminated from a middle buffer, 
and expansion processing about the following pseudo code data will be performed. 

[0033] Moreover, a control section 8 detects the temperature of the ink of a recording head 1 0 with the 
temperature signal from the temperature sensor 3 inputted through A/D converter 14, and performs 
processing which outputs a control signal to the drive signal generating circuit 1 1 that a driving signal 
should be adjusted based on the drive signal conditioning data memorized by ROM7. 
[0034] The drive signal generating circuit 1 1 outputs the control signal which orders it modification of 
the supply voltage generated in the power-source generation section 1 2 while forming a driving signal 
based on the power source supplied from the power-source generation section 12 based on the control 
signal outputted from the control section 8. 

[0035] The power-source generation section 1 2 generates predetermined supply voltage from the power 
source supplied from the outside, generates predetermined supply voltage based on the control signal 
from the drive signal generating circuit 1 1 , and supplies it to the drive signal generating circuit 1 1 . 
[0036] In addition, a control section 8 detects the temperature of the ink of a recording head 10 with 
the temperature signal from a temperature sensor 3, and outputs a control signal to the drive signal 
generating circuit 1 1 that the driving signal optimized to printer engine 2 should be supplied based on 
drive signal conditioning data. The drive signal generating circuit 1 1 into which the control signal was 
inputted generates a driving signal from the supply voltage supplied from the power-source generation 
section 12, and supplies it to printer engine 2 while it orders the power-source generation section 12 
generation of predetermined supply voltage based on this control signal. 

[0037] Here, a control section 8, the drive signal generating circuit 1 1 , and the power-source generation 
section 12 function as the drive signal generation means in this invention, a regurgitation weight 
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adjustment means, a flying-speed adjustment means, and a middle potential adjustment means. 
[0038] Printer engine 2 is constituted including carriage 15, the carriage device 16. and the recording 
head 10. 

[0039] Carriage 1 5 consisted of a paper feed motor, a paper feed roller, etc.. has sent out record media, 
such as the recording paper, one by one. and performs vertical scanning. 

[0040] A carriage device consists of a carriage motor which makes it run the carriage which carries a 
recording head 10, and this carriage through a timing belt, and carries out horizontal scanning of the 
recording head 10. 

[0041] A recording head 10 inserts the ctenidiumHike piezoelectric transducer 22 as a pressure 
generating component from one opening into the receipt room 21 of the case 20 of the shape of a 
housing which consists of plastics, as shown in drawing 2 . While making opening of another side face a 
ctenidiumHike tip and joining the passage unit 23 to the front face (inferior surface of tongue) of the 
case 20 by the side of this opening, the outline configuration is carried out by carrying out contact 
immobilization of the ctenidiumHike tip of a piezoelectric transducer 22 to the predetermined part of the 
passage unit 23, respectively. 

[0042] A piezoelectric transducer 22 makes the tabular vibrator plate which carried out the laminating of 
a common internal electrode and the individual internal electrode by turns on both sides of the piezo 
electric crystal correspond to a dot formation consistency, is disconnected in the shape of a ctenidium. 
and is constituted. And each piezoelectric transducer 22 is expanded and contracted in the vibrator 
longitudinal direction which intersects perpendicularly with the direction of a laminating by giving the 
potential difference between a common internal electrode and an individual internal electrode. 
[0043] The passage unit 23 is constituted by carrying out the laminating of a nozzle plate 25 and the 
elastic plate 26 to both sides on both sides of the passage formation plate 24. 

[0044] The passage formation plate 24 is the plate in which the long and slender common ink room 30 
which opens for free passage to a nozzle plate 25. respectively with the nozzle orifice 27 which carried 
out two or more (they are 48 pieces for example, to direction of vertical scanning) establishment, and 
two or more ink feed zones 29 of two or more pressure generating rooms 28 installed successively by 
separating a pressure generating room septum and each pressure generating room 28 which are open 
for free passage at the end at least open for free passage was formed. With this operation gestalt. by 
carrying out etching processing of the silicon wafer, the long and slender common ink room 30 is formed, 
the pressure generating room 28 is formed according to the pitch of a nozzle orifice 27 along with the 
longitudinal direction of the common ink room 30. and the groove ink feed zone 29 is formed between 
each pressure generating room 28 and the common ink room 30. 

[0045] In addition, the ink feed zone 29 connects with the end of the pressure generating room 28. and 
in this ink feed zone 29. it arranges so that a nozzle orifice 27 may be located near the edge of the 
opposite side, moreover, ** for the common ink room 30 to supply the ink stored by the ink cartridge 
(not shown) to the pressure generating room 28 — it is — a longitudinal direction — the ink supply pipe 

31 is mostly open for free passage in the center. 

[0046] An elastic plate 26 is the dual structure which the laminating was carried out to the field of 
another side of the passage formation plate 24 which becomes the opposite side, and used the high 
polymer films 33, such as PPS, as the elastic body film, and carried out lamination on the stainless plate 

32 in a nozzle plate 25. And the island section 34 for carrying out etching processing of the stainless 
plate 32 of the part corresponding to the pressure generating room 28, and carrying out contact 
immobilization of the piezoelectric transducer 22 is formed. 

[0047] In addition, it considers as the temperature sensor 3 which can detect the temperature of the ink 
of a recording head 1 0, and the thermistor is mounted in the printed circuit board (not shown) of a 
recording head 10. Although the temperature of the ink of a recording head 10 is indirectly detected by 
detecting the temperature under the environment where a recording head 10 operates, with this 
temperature sensor 3, you may make it detect the temperature of ink directly. Moreover, a temperature 
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sensor 3 is not restricted for mounting in a recording head 10. but as long as the temperature of the ink 
of a recording head 10 is detectable, it may be formed anywhere. 

[0048] For example, although switching IC (not shown) is mounted in the cable (not shown) linked to a 
piezoelectric transducer 22 as a switching device, environmental temperature may be detected from the 
resistance value change of Configuration IC, i.e., switching, so that temperature may be computed from 
the calorific value of this IC. Thus, if constituted, since Switching IC is arranged in the location near the 
pressure generating room 28, it is more correctly [ than the temperature sensor which prepared the 
temperature of the ink which carries out the regurgitation in other parts ] detectable. In addition, the 
temperature data from a thermistor may amend the temperature data from concomitant use IC, for 
•example, switching, and temperature detection of the temperature detected by this switching IC and the 
temperature detected with the thermistor prepared in the substrate may be carried out further at 
accuracy. 

[0049] In the recording head 10 which has the above-mentioned configuration, by making a longitudinal 
direction elongate a piezoelectric transducer 22, the island section 34 is pressed at a nozzle plate 25 
side, the surrounding elastic body film 33 of the island section 34 deforms by this, and the volume of the 
pressure generating room 28 contracts. Moreover, if a longitudinal direction (upper part in drawing 2 ) is 
made to contract a piezoelectric transducer 22, the pressure generating room 28 will expand according 
to deformation of the elastic body film 33. And if it is made to contract once it expands the pressure 
generating room 28, the pressure in the pressure generating room 28 will increase, and an ink droplet will 
be breathed out from a nozzle orifice 27. 

[0050] Next, the electric configuration of a recording head 10 is explained. This recording head 10 is 
equipped with a shift register 40, the latch circuit 41, the level shifter 42, the switching circuit 43, and 
the piezoelectric transducer 22 grade as shown in drawing 1 . As shown in drawing 3 , furthermore, 
these shift registers 40, a latch circuit 41 , a level shifter 42, a switching circuit 43, and a piezoelectric 
transducer 22 The shift register components 40A-40N prepared every nozzle orifice 27 of a recording 
head 10, respectively. The latch components 41A-41N, the level-shifter components 42A-42N, 
switching devices 43A-43N, It constitutes from piezoelectric transducers 22A-22N, and has connected 
electrically in order of a shift register 40, the latch circuit 41, the level shifter 42, the switching circuit 
43, and the piezoelectric transducer 22. 

[0051] Next, the control which a driving signal is impressed [ control ] to a piezoelectric transducer 22, 
and makes an ink droplet breathe out is explained. In iaddition, the case where the printing data 
(equivalent to 1 dot data) which constitute dot pattern data from the following explanation are 
constituted from two or more bits is explained. 

[0052] In this case, a control section 8 is synchronized with a clock signal (CLK) fi^om an oscillator 
circuit 9, carries out the serial transmission of the data of the most significant bit of the printing data 
(SI) from an output buffer, and is made to set to the shift register components 40A-40N one by one. If 
the printing data for all nozzle orifices are set to the shift register components 40A-40N, a control 
section 8 will make a latch signal (Local Area Transport) output to predetermined timing to a latch 
circuit 41A-41 41 N. i.e.. latch components. With this latch signal, the latch components 41A-41N latch 
the printing data set to the shift register components 40A-40N. This latched printing data is supplied to 
the level shifter 42A-42 42N which is a voltage amplifier, i.e., level-shifter components. 
[0053] To the electrical potential difference which can drive a switching circuit 43, for example, dozens 
of volts, each level-shifter components 42A-42N carry out the pressure tip of this printing data, when 
printing data are ''1.'' And this printing data by which the pressure up was carried out is impressed to a 
switching circuit 43A-43 43N, i.e., switching devices, and switching devices 43A-43N will be in a 
connection condition with the printing data concerned. In addition, as for each corresponding level- 
shifter components 42A-42N, printing data do not perform a pressure up, in being "0." And the driving 
signal (COM) is impressed to each switching devices 43A-43N from the drive signal generating circuit 11. 
and if switching devices 43A-43N will be in a connection condition, a driving signal will be supplied to the 
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piezoelectric transducers 22A-22N connected to these switching devices 43A-43N. 
[0054] If a driving signal is made to impress based on the data of the most significant bit, a control 
section 8 will carry out the serial transmission of the data of 1 -bit low order, and will be set to the shift 
register components 40A-40N. And if data are set to the shift register components 40A-40N. the set 
data will be made to latch and piezoelectric transducers 22A-22N will be made to supply a driving signal 
by making a latch signal impress. Henceforth, shifting 1 bit of printing data at a time to a lower bit, to the 
least significant bit, henceforth the same actuation is repeated and is performed. 
[0055] Thus, it is controllable by printing data whether a driving signal is supplied to a piezoelectric 
transducer 22. That is, by setting printing data to ''1", a driving signal can be supplied to a piezoelectric 
transducer 22. and supply to the piezoelectric transducer 22 of a driving signal can be intercepted by 
setting printing data to "0." In addition, when printing data are set to "0", a piezoelectric transducer 22 
holds the last charge (potential). 

[0056] Next, the driving signal constituted including two or more wave elements is explained using 
drawing 4 , drawing 5 , and drawing 6 . 

[0057] For example, as shown in drawing 4 . a driving signal is constituted from the 1st pulse, the 2nd 
pulse, and the 3rd pulse, and the Normal dot driving pulse is formed of these 1st pulses, the 2nd pulse, 
and the 3rd pulse. This Normal dot driving pulse is a driving pulse which makes the ink droplet which can 
form the Normal dot breathe out. In addition, the 1 st pulse, the 2nd pulse, and the 3rd pulse are pulses 
of a same waveform. That is, the Normal dot is recorded by carrying out the regurgitation of the ink 
droplet of the same weight continuously 3 times. 

[0058] Since the 1 st pulse - the 3rd pulse are the same wave pulses, the wave element of the 1 st pulse 
is explained for convenience. 

[0059] The expansion element 50 which the 1st pulse goes up with inclination fixed from the middle 
potential Vm to the highest potential VPS, and changes potential. The 1st hold element 51 holding the 
highest potential VPS, and the regurgitation element 52 which descends with predetermined inclination 
from the highest potential VPS to the minimum potential VLS, and changes potential. It consists of the 
2nd hold element 53 holding the minimum potential VLS. and a vibration-deadening element 54 which 
goes up from the minimum potential VLS with predetermined inclination to the middle potential Vm, and 
changes potential. 

[0060] That is, an electrical-potential-difference value starts the 1 st pulse from the middle potential Vm 
(hold pulse a), it goes up with inclination fixed to the highest potential VPS (expansion element 50: 
charge pulse a), and only predetermined time holds the highest potential (the 1st hold element 51: hold 
pulse b). Next, it descends with predetermined inclination to the minimum potential (regurgitation 
element 52: discharge pulse), and, as for the 1 st pulse, only predetermined time holds the minimum 
potential (the 2nd hold element 53: hold pulse c). And the 1 st pulse goes up with predetermined 
inclination to the middle potential Vm (vibration-deadening element 54: charge pulse b). 
[0061] If the charge pulse a is impressed to a piezoelectric transducer 22, it will contract in the 
direction which expands the volume of the pressure generating room 28, and a piezoelectric transducer 
22 will generate negative pressure in the pressure generating room 28. Consequently, a meniscus is 
drawn in the interior of a nozzle orifice 27. Such a condition is held while the hold pulse b is impressed. 
[0062] Next, if a discharge pulse is impressed, positive pressure will occur in the pressure generating 
room 28, and a meniscus will swell towards the exterior from a nozzle orifice 27. Since the pressure 
variation of the positive pressure direction occurs at this time where a meniscus is drawn in the interior 
of a nozzle orifice 27, only the ink for a core of a meniscus will mainly project and the ink droplet 
breathed out turns into a minute ink droplet. 

[0063] The charge pulse b is a pulse for suppressing vibration of the meniscus excited by the charge 
pulse a and the discharge pulse. 

[0064] Thus, the driver voltage VHN (potential difference of the highest potential and the minimum 
potential) of the 1 st pulse constituted with each wave element is adjusted so that the weight of the ink 
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droplet in which the detection temperature by the temperature sensor 3 carries out the regurgitation in 
25 degrees C (reference temperature) may be set to 1 3.3ng(s), and it is set up as reference voltage. 
Driver voltage VHN of explanation set up at 25 degrees C is set to VHN25 for convenience. 
[0065] When the criteria impression time amount (pulse width) of each wave element in reference 
temperature is illustrated, a= 8.0 microseconds (pwcl) of charge pulses, b= 2.0 microseconds (pwhl) of 
hold pulses, and discharge pulse =4 microsecond (pwd). it is c= 4.5 microseconds (pwh2) of hold pulses, 
and b= 4 microseconds (pwc2) of charge pulses, and the middle potential Vm is 25% of electrical 
potential difference to VHN25. The drive conditions in these 25 degrees C are memorized as drive signal 
conditioning data. 

[0066] And it adjusts to 13.3ng(s) which are according [ since there will be too much weight of an ink 
droplet when a regurgitation drive is carried out on drive / in / it becomes smaller than the condition / 
viscosity / ink / under 25 degrees C when according to temperature sensor 3 at this operation gestalt 
detection temperature exceeds 25 degrees C, and / 25 degrees C / conditions, set up driver voltage 
VHN lower than VHN25, and ] weight of ink droplet to 1st pulse adjustment weight. 
[0067] As shown in drawing 6 (a), in the case of 40 degrees C >= T> 25 degrees C, the detection 
temperature T by the temperature sensor 3 sets up the driver voltage VHN calculated from the 
correction formula of VHN25- (VHN25x0.162x (T-25) (/(40-25))), and. specifically, in the case of T> 40 
degrees C, sets up the driver voltage VHN calculated from the correction formula of VHN25~ (VHN 
25x0.1 62). In addition, these correction formulas are memorized as drive signal conditioning data. 
[0068] It adjusts to 1 3.3ng(s) which are according [ since there will be too little weight of an ink droplet 
when a regurgitation drive is carried out on drive / in / it becomes larger than the condition / in / when 
according to temperature sensor 3 on the other hand detection temperature is less than 25 degrees C / 
in ink viscosity / 25 degrees C /, and / 25 degrees C / conditions, set up driver voltage VHN more 
highly'than VHN25, and ] weight of ink droplet to 1 st pulse ac{justment weight. 
[0069] As shown in drawing 6 (a), in the case of 25 degrees C >= T> 1 5 degrees C, the detection 
temperature T by the temperature sensor 3 sets up the driver voltage VHN calculated from the 
correction formula of VHN25+ (VHN25x0.207x (T-25) (/(1 5-25))), and. specifically, in 15 degree-C>T, 
sets up the driver voltage VHN calculated from the correction formula of VHN25+ (VHN 25x0.207). In 
addition, these correction formulas are memorized as drive signal conditioning data. 
[0070] Thus, since it originates in the viscosity of ink changing with temperature changes and the 
behavioral characteristics of ink change even if it adjusts the weight of the ink droplet by the 1 st pulse 
uniformly irrespective of change of the ink viscosity accompanying a temperature change, the flying 
speed of the ink droplet by which weight adjustment was carried out even if the same is changed in 
connection with a temperature change in expansion / contraction actuation of the pressure generating 
room 28, and it is ****. Specifically, the flying speed of the ink droplet by which weight adjustment of 
the flying speed of the ink droplet of reference temperature (25 degrees C) was carried out in the thing 
of 7 m/s under temperature higher than this reference temperature (for example, the condition of 35- 
degree Centigrade) will turn into 6 m/s extent or a rate below it. Moreover, the flying speed of the ink 
droplet by which weight adjustment was carried out will turn into a rate exceeding 8 m/s extent or it 
under temperature lower than this reference temperature (for example, the condition of 15'degree 
Centigrade). 

[0071] For this reason, adjustment arranged with a flying speed [ in / it adjusts so that the flying speed 
of an ink droplet may become slow, when according / adjust so that the flying speed of an ink droplet 
may become quick, when according to temperature sensor 3 in order to make regularity flying speed of 
ink droplet by which weight adjustment was carried out with this operation gestalt irrespective of 
temperature change detection temperature exceeds 25 degrees C, and / to temperature sensor 3 on 
the other hand detection temperature is less than 25 degrees C, and / 25 degrees C ] is carried out. 
[0072] The adjustment whose detection temperature by the temperature sensor 3 makes the flying 
speed of an ink droplet quick under the elevated temperature exceeding 25 degrees C is adjusted by 
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making shorter than criteria impression time amount impression time amount (pwhl) of the hold pulse b 
which is the wave element of the 1st pulse. In detail, the hold pulse b is for holding the expansion 
condition of the pressure generating room 28 by the charge pulse a, and is for holding the condition of 
drawing a meniscus in a nozzle orifice 27. The meniscus which it draws [ meniscus ] by this hold pulse b, 
and is having the condition held tends to return to a nozzle orifice 27 side by surface tension, the ink 
supply from the ink feed zone 29, etc. In this case, since ink will become easy to flow and the ink supply 
from the ink feed zone 29 will also be quickly made if the viscosity of ink is small, it will return to the 
original condition early (in condition before being drawn). 

[0073] Therefore, if pwhl is not set up shorter than the case of reference temperature, in case a 
meniscus will be pushed by the discharge pulse, it cannot combine with this force to push and the force 
which returns to the nozzle orifice 27 side of a meniscus cannot be used, but since it cannot extrude 
strongly, the flying speed of an ink droplet will become slow. In other words, by setting up pwhl shorter 
than the case of reference temperature, the fall of the flying speed of an ink droplet is prevented and a 
flying speed is adjusted to the same value as the flying speed in reference temperature also in the 
bottom of an elevated temperature. 

[0074] In the case of T> 40 degrees C which it is under the elevated temperature to which the 
detection temperature T by the temperature sensor 3 exceeds 25 degrees C as shown in drawing 6 (b), 
specifically The impression time amount (pwhl) of the hold pulse b is set as 1.5 microseconds. In the 
case of 40 degrees C >= T> 25 degrees C pwhl is set as a microsecond (2-0.5x (T-25) (/(40-25))). and 
when the detection temperature T by the temperature sensor 3 is under less than 25-degree C low 
temperature, pwhl is set as 2 microseconds. And if it adjusts to this appearance, 7 m/s whose flying 
speeds of an ink droplet are flying speeds in reference temperature will be approached, for example, the 
flying speed which was 6 m/s will become quick with about 7 m/s at 35 degrees. In addition, the above- 
mentioned correction value and the above-mentioned correction formula are memorized as drive signal 
conditioning data. 

[0075] The adjustment whose detection temperature by the temperature sensor 3 makes the flying 
speed of an ink droplet late under less than 25-degree C low temperature is adjusted by making shorter 
than criteria impression time amount impression time amount (pwd) of the discharge pulse which is the 
wave element of the 1 st pulse. In detail, a discharge pulse is a pulse which descends with predetermined 
inclination fi^om the highest potential VPS currently held by the hold pulse b to the minimum potential 
VLS. A lowering speed is made late by enlarging the downward inclination from this highest potential 
VPS to the minimum potential VLS. and lengthening the fall time (impression time amount). Therefore, 
the contraction rate of the pressure generating room 28 can be made late, and the flying speed of an ink 
droplet can be adjusted late. That is, also in the bottom of low temperature, a flying speed is adjusted to 
the same value as the flying speed in reference temperature by setting up pwd for a long time than the 
case of reference temperature. 

[0076] As shown in drawing 6 (c), in under the elevated temperature to which the detection temperature 
T by the temperature sensor 3 exceeds 25 degrees C, specifically Set the impression time amount (pwd) 
of a discharge pulse as 4 microseconds, and when the detection temperature T by the temperature 
sensor 3 is 25 degrees C >= T> 15 degrees C which is that under less than 25-degree C low 
temperature pwd is set as a microsecond (4+0.5x (T-25) (/(1 5-25))). and, in 15 degree-OT, pwd is set 
up at 4.5 microseconds. And if it adjusts to this appearance. 7 m/s whose flying speeds of an ink droplet 
are flying speeds in reference temperature will be approached, for example, the flying speed which was 8 
m/s will become slow with about 7 m/s in 15-degreeC. In addition, these the above-mentioned 
correction value and correction formulas are memorized as drive signal conditioning data. 
[0077] Moreover, since vibration remains in a meniscus according to the breathed-out amount of ink 
after breathing out an ink droplet, in order to control this vibration, impressing with predetermined 
inclination to middle potential, after the 2nd hold element 53 holding the minimum potential is completed, 
i.e., by including the vibration-deadening element 54, the pressure generating room 28 is expanded again 
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(expansion return), and vibration is attenuated (vibration deadening). In this case, whether the above 
mentioned expansion for the second time is too large since how (behavior) to move a meniscus with 
environmental temperature, i.e.. the viscosity of ink, also differs, or it is too small, vibration will remain. 
And if vibration remains in a meniscus, it will originate in this vibration and a flying speed will become 
unstable by the regurgitation of the ink by the 2nd following pulse. 

[0078] So, in this invention, in order to keep constant the behavior of the meniscus after breathing out 
irrespective of the viscosity of ink, according to the amount of regurgitation ink, the temperature 
(viscosity) of ink is considered, damping force Vm, i.e., middle potential, is adjusted, and optimization is 
attained. In short, when the detection temperature by the temperature sensor 3 is higher than reference 
temperature, the potential difference VcN of the minimum potential VSL and the middle potential Vm is 
adjusted more greatly than the reference potential difference in reference temperature, and on the other 
hand, when detection temperature is lower than reference temperature, the potential difference VcN is 
adjusted smaller than said reference potential difference. And let this adjusted potential difference be 
the middle potential Vm at the time of expansion initiation of the expansion element 50. 
[0079] As shown in drawing 6 (d). the detection temperature T by the temperature sensor 3 specifically 
in the case of T> 35 degrees C The middle potential Vm is set up as 35% of the driver voltage VHN in 25 
degrees C. In the case of 35 degrees C >= T> 25 degrees C The middle potential Vm is set up as % (35- 
lOx (T-35) (/(25-35))) of the driver voltage VHN in 25 degrees C. In the case of 25 degrees C>= T> 15 
degrees C The middle potential Vm is set up as % (25-1 Ox (T-25) (/(1 5-25))) of the driver voltage VHN 
in 25 degrees C, and, in 1 5 degree-OT, the middle potential Vm is set up as 1 5% of the driver voltage 
VHN in 25 degrees C. In addition, these correction value and correction formulas are memorized as drive 
signal conditioning data. 

[0080] Thus, since it is adjusting to the optimized middle potential Vm, by impression of the charge 
pulse b, irrespective of the viscosity of ink, the behavior of a meniscus becomes almost the same and 
vibration of the meniscus after the regurgitation can be controlled in a short time. Therefore, it is 
stabilized and discharging based on the following driving pulse (for example, the 2nd pulse) can be 
performed. 

[0081] As mentioned above, since the driving signal corresponding to change of the ink viscosity 
accompanying a temperature change can be supplied to a recording head 10, while the behavior of ink 
becomes almost the same and being able to perform the regurgitation of the ink droplet of fixed weight 
irrespective of change of ink viscosity, with this operation gestalt, the flying speed of the ink droplet by 
which weight adjustment was carried out can also be made regularity. Therefore, the stability of the 
regurgitation is collateralized, it is stabilized and high-definition record can be performed. 
[0082] Moreover, although the recording head 10 which used the piezoelectric transducer 22 in 
longitudinal-oscillation mode was illustrated with the above-mentioned operation gestalt, the recording 
head 10 which replaced with this recording head 10 and used the piezoelectric transducer 22 in 
flexurally oscillating mode may be used. 

[0083] In addition, although 25-degreeC was mentioned as the example as a reference temperature with 
said operation gestalt, this temperature is good also as temperature which it not only can set up suitably, 
but has width of face like 20-degreeC-30-degreeC. And temperature higher than reference temperature 
and low temperature may also be divided and set as some temperature requirements, respectively, and 
you may adjust gradually according to each temperature requirement. 
[0084] 

[Effect of the Invention] As explained above, according to this invention, based on the detection 
temperature from a temperature detection means, fixed-ization can do weight of the ink droplet which 
carries out the regurgitation irrespective of change of the ink viscosity accompanying a temperature 
change by adjusting the potential difference of the highest potential and the minimum potential. 
[0085] And when detection temperature is higher than reference temperature, by making impression 
time amount of the 1 st hold element shorter than criteria impression time amount, the flying speed of an 
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ink droplet can be raised and it can adjust to the flying speed in reference temperature, and the same 
flying speed. 

[0086] Moreover, when detection temperature is lower than reference temperature, by making 
impression time amount of a regurgitation element longer than the criteria impression time amount in 
reference temperature, a flying speed can be reduced and it can adjust to the flying speed in reference 
temperature, and the same flying speed. 

[0087] By adjusting middle potential according to detection temperature, it can adjust further again so 
that the behavior of the meniscus after the regurgitation may become the same irrespective of the 
viscosity of ink. 

[0088] Therefore, the regurgitation stability of an ink droplet is collateralized and the image of the image 
quality by which high definition was stabilized can be recorded. Moreover, since a gap of the impact 
location of the ink droplet by the temperature change does not arise when the scan speed of carriage is 
made into a high speed in order to make a recording rate into a high speed, high-definition record can be 
performed at high speed, and ZARATSUKI can also be canceled. 

[0089] Furthermore, since a gap of the impact location of the ink droplet by the temperature change 
does not arise when performing the so-called Bi-D printing which performs record actuation at both 
times of **** and double action, a gap of the impact location of the ink droplet at the time of **** and 
the impact location of the ink droplet at the time of double action does not arise. 



[Translation done.] 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a block diagram explaining the configuration of an ink jet type recording apparatus. 
[Drawing 2] It is a block diagram explaining the electric configuration in a recording head. 
[Drawing 3] It is the sectional view of a recording head. 

[Drawing 4] It is the explanatory view of the driving pulse generated based on a driving signal and this 
driving signal. 

[Drawing 5] It is a drive signal-description Fig. 

[Drawing 6] It is the explanatory view showing the concrete adjustment approach of the driving signal by 
the temperature change, and the explanatory view showing the adjustment approach of VHN (driver 
voltage) based on a temperature change in (a), the explanatory view showing the adjustment approach of 
pwh (the 1st hold element 51) based on a temperature change in (b), the explanatory view showing the 
acjjustment approach of pwd (discharge element) based on a temperature change in (c), and (d) are the 
explanatory views showing the adjustment approach of VcN (vibration-deadening element 54) based on 
a temperature change. 

[Drawing 7] It is the explanatory view showing the device in which an ink droplet is made to breathe out. 
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and the explanatory view showing the wave of a driving signal for (a) to carry out the regurgitation of the 
ink droplet and (b) are the explanatory views showing a motion of the meniscus of the ink which happens 
corresponding to the wave of a driving signal. 
[Description of Notations] 

1 Printer Controller 

2 Printer Engine 

3 Temperature Sensor 

4 Sensor Interface 

5 External Interface 

6 RAM 

7 ROM 

8 Control Section 

9 Oscillator Circuit 

10 Recording Head 

1 1 Drive Signal Generating Circuit 

1 2 Power-Source Generation Section 

13 Internal Interface 

14 A/D Converter 

1 5 Carriage 

16 Carriage Device 

20 Case 

21 Receipt Room 

22 Ctenidium-like Piezoelectric Transducer (Piezoelectric Transducer) 

23 Passage Unit 

24 Passage Formation Plate 

25 Nozzle Plate 

26 Elastic Plate 

27 Nozzle Orifice 

28 Pressure Generating Room 

29 Ink Feed Zone 

30 Common Ink Room 

31 Ink Supply Pipe 

32 Stainless Plate 

33 Elastic Body Film 

34 Island Section 

40 Shift Register 

41 Latch Circuit 

42 Level Shifter 

43 Switching Circuit 

50 Charge Pulse a (Expansion Element) 

51 Hold Pulse B (1st Hold Element) 

52 Discharge Pulse (Regurgitation Element) 

53 Hold Pulse C (2nd Hold Element) 

54 Charge Pulse B (Vibration-Deadening Element) 



[Translation done.] 
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[0 0 2 3] m^mi o\zmm<Dh(Dit. mW(Dyx)i 
ma(D^'^\zn^^-r^E.tim±m'f-^ipm^ii. /X)v 
mn\zmmti>Kti^±M^mm • i^im^^xm^y x 

ms<Dmm:^m\zi=\,^x. mm&ifjm^m^^i^wi^ii 
^rzuxommmmzit, ti?ia««fcj&^6«iS5«{4*T«& 

Sr^<b$-&T)E;^Jf!*^*l^3fiS-&.5ll^31il3Ri. Hit! 

m&:^^mvxmt}^^^(om^vim^^i^-r^m 1 
mmmzmik^&mt^ iixi^Lm^m<Dmtim^^^mm 

-r2)ti:fctc, ^2 7ix-;i.Kg*iJE:f»^^^<D)^§S« 

mmjmiz^»^mmmmt(Dm&m.^. mmum\z^ 

[0 0 2 4] 

mm<Dmm(Dmm] sat, *!«?go*iig«)j^si^&. s 

[0 0 2 5] 01 fC^-rJ;-5IC, -f >i'v^xy hSiB» 

[0 0 2 6] yj>:$'n>hD-^l«. tgS-fe>1i-3 

■T) ^7&^^Og-a5^-^'SrSffi-r-5^1-gB'f >3'-7x-1' 
X (JWT, ngBl/Fi:t>3) Si, ^St^-^^^-B^ 
WldEft-rSRAMe i, $!li3?:^nif^Ai|^&iE1ttfc: 
ROM7t. CPU^^*^^T«lfi!cUfcfWffllal58<i:, ^ 

It, ^<ommmnm±m^i ixmrnmn^^^tiii 
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[0 0 2 7] •fe>-y-i/'F4(i, ^KE-r-sifi^-t^-y-s 

rs. ias-t>-y-3&i/A/Diggisgi 4«. 

*f6 i5 ^ JBS-^ m t L T siti-r 5 . 

-5. ^fc, /F 5 ?&ai;Tk*>'-m^ (bu 

SY) Ti7/ U'>7v'm^ (ACK) *^*:7>h3>tf 
[0 0 2 9} RAM6«> SfflA*-y>'T« "t-ra/N'-:/:? 

7 7 8 L fc Pel n - K 7^- ^' lets L . 20 

if?) t--5C:ttCJ:Dt#e.ns^*:x-;5'tcJ;oT«fiKU 

[0 0 3 0] ^fz. Rou7\zi,t. ^my'—^s^n&m^ff 

^' >y ^ Hl&^ IBIS $ -e-T * s o 
[0 0 3 1] $ij?aia58«, #»(Diijffli&fT^M. sma* 

- ^ u T#fe r^i - H X- ^ 4^ rB^/\' 7 T IC 

— Kt^— ^'Sr^WL. ROM7 {Cteig^nTI/i-g>7;j-> 

:'3A*>y:7 7»cffittS-&i). 
[0 0 3 2] ^bT, IS&'v^y H 1 0<Dim<D±^^X 

mm^mu i fr^^© h h /i - >x- e> n^fj: 

:7r*^e.rtgi5i/F 1 3$rili;T)S;^:8eSi'\ry K 1 oil 
[0 0 3 3] ©^iIS|58«, A/D^glg 1 4 

&-t-«mmmnft±mKi nzmmmn^mti-ri)i& so 



[ 0 0 3 4 ] ^Kifi^fg^iHiK 1 1 um^8A^<^tii 
ti^nrzmmmmzm-:3^^x. mM±^^i 2t}^<E>m!(^ 
^n^mmiz&':s\,^xmmmn^m^'ri>tt'hiz, m 

[0 0 3 5] mm^^^ 1 2 «. ^gBd^e)«ji&$ns« 

[0 0 3 6] ;i:fe. WiasS88«. jaS-lr>1f 3*^5. COS 

mmmnmmy'-^izm-^f^^x. 7''j>3'x>v'>2(c 
lit. jKDWW^nso'i'iT, siis^ps; 

g|5l 2tcR)fSO«ii«EE(D4^^fg^T?.ti:^)tr. M 
[0 0 3 7] ^^T. ^J^gfS, l^«l«^fg^(HlSS 1 

i< so:, ■Bi^^figgBi 2«. :^^m\zinf^mmm^ 
m&mm^&ti.xmmr^o 

[0 0 3 8] yj>^'X>i7>2«. iffi2IO«1gl5, 
+ ^ U i^mm 1 6 , fB@'\-;/ K 1 0 <h*■&^T'M^L 

[0 0 3 9] iffisiosisii 5«. mmKt'E-^js^ifmm 

[0 0 4 0 1 u yi^mmit. mm^y k i o 
^iffvx^ff^ii^^^oyz^'E-:$'mi)^<bur), mm 

^y K 1 0 <£aE^SS-&-51)©T*-2), 
[0 0 4 11 IBS'Sy K 1 0tt> 02tC*-rJ:3{', «SJ 

X{:£^y7.^yi7A^<bU^mi^^<D':r-X2 0<DIRm^ 
2 1 rtJCEE;'?!?^^^ i: L.TO»««ffi«lii!)^^ 2 2 

X-;/ h 2 3^S^T^i:tfcJc:. 2 2 (Dfflifi 

^ c: t J: D «lB§^fi£ 5 nx t i -5 . 

[0 0 4 2] jE«igi(i^2 2tt. JEEm«t^s^^x^^at^ 

mmmtmmn^mmt ^^mzmm vtzmvtommf- 
WL^, \'y hm^mmiznm-^i^xmmmzmwivxm 

ranm^aMSJ^;^* C t ic: J: D , *JI«SI!»^ 2 2 «, 

[0 0 4 3] m.^=L-y h2 3ta, SS8&J^^« 2 4 5:^* 

^xv x;i/y u- h 2 5 tm^^m 2 e ^j^fisii^H-r^ 
::ifcj;0«ji)c$nxv>-5. 
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[0 0 44] m^m^m. 2 4 y h 2 s ic 

snz^aiscDjE*^^^ 2 8 1 , 2 8 ®i> 

[0 0 4 5];^ci5. m;^/5§4^2 sro-S^Jc-r >i/^$& 
gB2 9*i^i^b. C«-f >i7«;^gi52 QtttSMfillWS 

(E^-B-T) (r83=M$nfc-i->^*ffi:^%*^2 SJctt 

[0 0 4 6] #ttS2 7^^-1-2 5 t«S 20 

Mfi!]fc;^5ii5SSJ^fig«2 4«<i6:^<^®tc8[asn. 
>UX«3 2±tc:PPS^©K^)-^7'<;i'A3 3 5:#14 

^Xy^y'if1}aXVXf£mmW]^2 2S:^«H^-rSfc 
fe©7< 7>HgC3 4$:J^fi£-r^. 
[0 0 4 7] U^. K 1 0®:/U>h«« (0 

mfs.umt>^3 tLxif-s-x^-imm-^tix^^^o 
mTizisn^mm'&iikait^^tx. mmmztsm^y 

-ij- 3 fsiHS'v y F 1 0 t^^Ts jcis er. iB®^ y h* 
1 0(0^ >{7<DMmi!)mai^mx$>niiiii:nzm^xh 

[0 0 4 8] mxii. s.mmwi^2 2 \zmmvrz^-y 

«|{C«|j«-r*t. 7.-(y^>iflCit&tlft^^2 8\Z 

Mmtmmzm^ft^--s.7.^xmmvitumt^m 

[0 0 4 9] ±ffi®«}fiK2:Wr?)E»'^•;/ H 1 0 TS, so 



J6 

JE«Sibi^2 2<&fi^:&lS]tc:#ft$-a-^C<i:ICj;t}. T 

-r 5>Kse3 4Avx;u7'i/-h2 5(i!itrjfjE;^n> z. 
rnz^07^y>\'33 4<Dmm<D^\iwm3 3*5^?^ 

\^wm3 3(D^miz^r)&t)%±^2 8f)m^-r^, t 

LT. JE;^5£^^2 8<£-B.^^$-frT*^e)JRi^$i3-^ 
i:, flE:^^^*2 8|^®SE:^*t;isi^TyX;UMP2 7 

[0 0 5 0] g2ii'\>y H 1 0 <Dm%mm^\Z'z>\^^ 
xmm-t^, :z<Dmm^y k 1 on, 01 tc^TJ:-5 

iZ, v7hU'yX3'4 0. 7->'5"lHlK4 1 , U'^JWS^^ 
^4 2, y^m^4 3RZSKmm«ll-2 2m=^m7i 
Tli-S, ^EeiC, 0 3<C^-r«fc'5tC, iltae>CDi>7hU- 
i?7.^4 0. yy^m^4 1, 4 2 , X-f 

y^lHlK4 3RC^ffi«Jg»^2 2tt, ^n-?n, IBS'^ 

■y h' 1 0(D^yX)ima2 imizmii^rzyy hu-yxi' 

*^4 0A~4 0N. 7y5^^^4 1 A~4 1 N, l^'^ 
)Uyy^mi-4 2A--4 2N, 7.^ y^m=f-4 3A'^4 
3N, )EE«tg«)^ 2 2 A~2 2N*^e.«fiELT^0, -> 
yVV-JX^ 4 0. "^y^m^Al. u^)vyy^4 
2. 7.-i y'^m^4 3. EE«S»)^ 2 2 (OJS-C«me<JtC 

mf^vx$>^o 

[0 0 5 1] :k{z. f£mmw}^2 2 \zmmm^=s:mav 
x-( >'i'm^otm-^^^mm\z'D\.^xm.mr^, ts*. 

Tcm^iz'::)\,^xmm-t^. 

[0 0 5 2] $diflISiB8tt. 5gli[Hl!S9 75^^i7 

ayi^mn (CLK) CraS83-&T, EP*7^-:? (S 
I) <DJ^<D. m±i{L\£y h<Dy'—:5'^tiitinyyrffiib 

y>)7)VB,m^i±. m^A^y hui^x^m^4 0 A'-4 

7 M^vX^^^4 0 A~4 ONtClry hStl^S:;^?. 

mm^sit. m^<D^^ s.>ifxyy^m^4 1. 

•rts.f:>%. 7>:/^m^4 1 A~4 1 N-\^>y^^i^ (L 
AT) ^^ij^^^. z.<Dvy^m^\z^r). "yy^m 

^4 1A~4 1N«, v7 hW'>;x^3g^4 0 A~4 0 

$nfcB5*x-^«, SJEiii6i§Tfe-5U^;l'>'75'4 
2, ■r;ifc^. U'^;U->7^'^^4 2 A~4 2N»c:#t$& 

[0 0 5 3] #l/'^;P->7 5'^^4 2 A~4 2Nli, 
¥7'-^*i«»J;^« rij (Dii^lC. X-f <y5"lll8S4 3*t 

>y^lEl!S4 3, -r/it»%> X-f >v5^^^4 3 A~4 3 
NtCTOO^n, X-f <;/5^^^4 3A~4 3N«, 

A« roj <D«^JCtt. m-r4#U'^il'->7^'«^4 
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2 A~4 2N«#ffi^fT*5;'5:^i. ^UT. ^7.-< y^m 
(COM) *tEPS0$tlT;feO. T.'f >>5^^^^4 3.A 
~4 3NlClt^$nfcffi««l!i^ 2 2A~2 2NtCK» 

[0 0 5 4] m.±.&\iy V(D^—^\zm-:5\,^xmWim^ 

0 A~4 ONJC-fe-y ^E-UT, hI/>?7.5'^ lo 

T4 0A~4 ONtCx— a'3jt-fe>;/ h$nfc:^3:e►^^. 

^>75^$-fr> IK»m^<£JE««»J^^2 2A~2 2NlC«t 
[0 0 5 5] C(DJ;^tr, JEmaid^ 2 2{cKi!ifi^<£ 

>it>-^. Bi^x-^S: rij \zr^^i^\zii*)mmm^ 

*)E«S«I^^2 2[C#ti^-C#, B]*:^'-^^ roj IZt 20 

■rSiiijOtT-^^. PP^t'-^^ roj tL;t:® 
^, jE«fi»^2 2«itH^r®m^s^f «r«it-r«. 

[0 0 5 6] m.^(Dm.^wm^^hjxm^-^ni> 

[0 0 5 7] mA.\t. mA\z^'ti:o\z. mmm^^^ 

^ 1 W. 2 ytji'xso^^ 3 {c<k o ry — V 

j-'^)V\^yV^m^\.%^^yi7m^ 
ptffi$-e-si^i!jA";w7.T$.^, T^c*, ^i/i^px, fg2 

[0 0 5 8] ^i/'?;U7.~^3/i;U7.«|si— 

[0 0 5 9] ^l/t;i'7.«, 4'FB^ttfi:Vm*^e.«i^«{4 

« 5 0 1. ftismv p s ^^n-t^w, 1 Ks^ 

43ETTKbT«<a?^^fl:-r^«:ll3S^5 2 t, 

[0 0 6 0] -r;^to-fe, f^\n)V7.\t. m^m^^fiim 

VPS*T— ^®^eT±#U (11^31^^5 0 :^«/t 

;p;^a) , WL^m^^m'&nmit\m^-ri> (mi*- so 



. JUKS^Sl : *:-;i/H/"?;l/7.b) , ^^JC, ^ 1 /'^-'PX 
ti«{Sm(S*Tm«(D^i2TTI^b («:mgm5 2 : iJ( 

-Jl/Hil*5 3 : hV'?;i'7. c ) . -ebT. mi/^ 

^5 4: %mJ%)V7.h) . 
[0 0 6 1] a*«JEttJiK^2 2 JcEPiP^n 

5tEE«S»l^2 2«EE:^J%*S2 8©^S[*ll^3i$-fr 

■5, ;'^:i7.:<J7.«yX;u^P2 7<D(^gBfc?l 

CO 0 6 2] 4^«/i;i/7>$rSii]Df ^t, )S.tim^ 

m.2 S\ZlE'S.i)m^\^X:K—7.t!7.-h^yX)V^n2 
§|0 2 7CD(^gglr?l#iXSny5:t>tffiT-iE]E;^[6jCD)E:^^ 

[0 0 6 3] %m.n)V7.h\ii, amstinn 
[0 0 6 4] zL<D^o\z. ^m.m^m\z^y)m^^n^ 

«f4S) «. iaS-t>lJ-3tCJ;^^mfigdJ2 5t: (a 
13. 3 n gJCi^S<kp»c:lllE$nT««P«JEtbTlS: 
VHNSrVHN2 5 fT-S. 

[0 0 6 5] sipjafttc*3ttss^SEjgS3fi<oaipwsni^ 

W (/'?;i'7>*i) $:0iJ*-r-5t, itWVV7.a. = S. OV 
-f^afi' (pwc 1) , ■it^—)V\rn)V7.h==2. OV-f 
i7Df}> (pwhl) , a«/t;l/X=4V-i'^ag> (pw 
d) . 7h— Jl/F/'?;i/7.c = 4. 5v-i'i;afj> (pwh 

2) . 5i5«/'?;i'Xb = 4-e'r ^D0> (pwc 2) T2fe 
•9. "frBlft^iiVmlS. VHN2 5tcWLT2 5%««IE 
cnt><D2 5t:(Ci3lt^iEi!l^#«. Kibffl^ 

[0 0 6 6] ^LT. *^iSJg|8Tti, JSS-fe>-y-3{C 
<J:^i^tlliaS*^*2 srSrSAfcW^lClS. 'f^i^JKS^t 
2 5"CTfci3tt-5^^®J;t)/jN$<;S:-pT, 2 5'CJciitt 

Ki!i«ffiVHN$:VHN 2 5 J: 0® 
<K5£LT, 'f >^?ig®ll»&mi/t;i/7>»c:J:Sillsa 

13. 3 n g irHST-S. 
[0 0 6 7] 0 6 (a) \Z^m'^\Z. 

S-t>-y-3llJ:?)-^miaST*^ 4 0'C^T>2 5'CO 
^'^\Z\t. VHN2 5- (VHN2 5X0. 1 6 2X 
( (T-2 5) / (4 0-2 5) ) ) 0>msE^^K>^W- 
tfcK»«ffiVHNifc^l£b, T>4 0"C©«^IC:«, 
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VHN 2 5 - (VHN 2 5 X 0. 1 6 2 ) (^)MiE5S«t 0 

[0 0 6 8] -is. asE-t>i*-3ic:a:s«^aiia«*«2 5 

«imjEVHNSrVHN2 5 J:Oii5<^5tLT, -O^jjS 

«a«^^i/i;i/xica:siiisgm»T**si 3. sng 

icms-r^o 10 

[0 0 6 9] S6 (a) lC^-r<t5tC, S 

a[-fe>-y-3tcj;-5i^aifiSTdt, 2 5'c^t>i st:© 

VHN2 5+ (VHN2 5X0. 2 0 7 X 
( (T-2 5) / (1 5-2 5) ) > oaiESCJ;Dltg 
UfclK»«JEVHN*S!::£U, 1 5'C>TO«^(rtt, 
VHN 2 5+ (VHN2 5X0. 2 0 7) <D«iEiC J: ?) 

[0 0 7 0] ^ICD.Jcplcmi/Vl'XtCi-S-f >i^fK®a 

]E:^fg^^2 8<Dli^3S-JRiffii6fP^l^i;»CLTt), 

^»)LT^^. A<*:«)1C«. «^JAtf> SiPtaa (2 5 
t:) ©-f>i7}g<DmfTaS*^7m/s <DfcC0tCi3l»T 

«©«^T«> a«iss^nfc-r>i7fS(7)^fTjgSjJ^6 

m/ s gas b < «-?-n S;^ 5 iSa »r o T L- * 3 . 

[0 0 7 1] z.(Dtzii>. a«isissn 

iag-t>-9-3tCj;-5^maa*«2 5'C$*g^fc« 

iga-fe>-y-3ic:<t-&«imiaa*^2 5'c*^©«^{c 

[0 0 7 2] Sg-t>-y-3 lCd;-5^mjia7i^2 S'C^'S 40 

WJ!niB#rBi (pwhi) ^mm^m^f^^^%'^<-t^z. 
ofeOTifeO. yX;HBP2 7i^ir^r:;^:^:;^S:5l^)i 
a[i3g;^W>5'fi^S&gi52 97&^e.©'f>i7ttiS&^T 

yX;i'MP2 7WcBi5^tf >^ so 



&2 9t)^<i(D-( yi/m^hmmiz^^n^<D-c. ytcDik 
m\z m\^ih^ti^m<D^m\z) ^<motl*^. 

[0 0 7 3] LfcA^oT, pwh 1 *S*iaa®Ji^J: 

7mizm.^t}^mm-r^^ttix^-r, ^Kwnnrz. 
tii^T^tti^<D-v-( y^iSi(DmfTmmi>m<^^xLt. 

m^^^tm. pwh 1 §ra^taa<D»^j:ofe@ 
<wt^-r^z.tr\ 'iy'^m<Dmnmm<Dj&r^&j±v 

mmtmm<Dmizmm-r^, 

[0 0 7 4] ^#:Wtr«. 0 6 (b) iz^t^olz. iS 

a-t>-y-3icis^miaaT*^, 2 s'c^m^^^m.y 

X$>?>, T>4 0*C©«^IItt, J^-;i/hVi;l/7.b®B] 
iamm (pwhl) *1. 5-T'f^DfJ>lr^3tU, 4 0 
"C^T>2 S'CW^'&irlt, pwhl<&(2-0. 5X 
( (T-2 5) / (4 0-2 5) ) ) -^-f i/omzm^ 

U> S«-fe>iJ-3»r<}:S;^tBjaaT*«2 5"C*SScDfiia 
T©«^{rtt. pwh 1 i7pg>tc|g^-r^. 

LT, zomizm^-r^t. ^yi7m<Dmnmmt)\ & 
mwLS.iz^n^mnmmx$>^7mys {zi&Ht. 

« 3 5 ° T« 6 m/ s Tfeo ;tfllfTjia*««!«1 7 m/ s t 

[0 0 7 5] iaa-b>-ti-3lr.t^^ffiiaS;6S2 5*C*i§ 

(pwd) *»«PPPJPli#KJ:Dfc@<T€):itTi)IS-r 
i¥L/<«. mWVl'T.it. 3t^-JPhVt;W:^ b IC J: D 

S *^ V L S mX'<DTm^Si^:k^ < LTTI^ 

:iti}^T^. -^y^m<DmfTmm^m<mm-t^:itf}^ 
[0 0 7 6] A^^e<j(r«. 0 6 (c) \z^-r^v\z. ia 

a-fe>-y-3ICj;-5^liljagT*^ 25X:^f^^^mUT 

4S!tt>'i;i'X(D^in^ra (pwd) <&4-7-f 
i'nmzm^L. iaa-fe>-y-3icj;si^i±siaaT*«2 5 

'C*^(D<SfiTCDT$.-5. 2 5"C^T>1 5"CC0«-g'lr 
«, pwdiE (4 + 0. 5X ( (T-25) / (15- 
2 5))) -^^i^U^lzWi^L. 1 5X:>T(Dm-^iZ 
tt, pwdS:4. 5V-f i7n#lcS«-r^. ^LT, 

i5iii>mnmmx&^ 7 m/ s trifif* MAtf 1 5 • 
CTtt8m/sT*oitJiiffSS*<«J7m/s ia<^ 
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[0 0 7 7] -f >i7}B=£PtaiL;rc^. RtaiLlt'f 

[0 0 7 8] -e-^iT, -iy^dy^mzn^ 

#fC««fi[MV c N «flBS2pflfi[^ J: 0 fe/h^ < HI 
S-r^o ^LT, COP»Lfc«{4S^)i0!BS^5O® 
1^ 35 ^ fl# *5 ^ 4^ « fir V m <h T ^ . 
[0 0 7 9] 06 (d) »C^-rJ:^tC. M 

'f^im{iVmSr2 5"C{C*3lt'5^1!ltt)EEVHNOT3 
5%tLT^^L. 3 5'C^T>2 S-COD^^JCia, 
ra«fi:Vm€r2 5t:»C:fett-5fB«imBEVHN© (3 5- so 
lOX ( (T-3 5) / (2 5-3 5) ) ) %tLTlft 
^b, 2 5'CST> 1 sro^^irK, <fK«fi:Vm^ 
2 5'C{Ci5lt-5ffii!i«ffiVHN«) (2 5-1 Ox ( (T 
-25) / (15-25) ) ) %tLT^5gL. 1 5*0 
>T<D«^t«, (|'rBimfi:Vm<£:2 5t;fC*3tt^Ki!l« 
JEVHNOl 5%iL.T^^-r-5. ?S*3, ;ine>©ffliE 

[0 0 8 0] c:««t-5tC, «jg{bbfc4^FB^«{4VmlClS 
[0 0 8 1] ±^L/c±5tr, iiS^ 



22 

[0 0 8 2] kM<n%m&mn:\%. «Sffi»)^-F 
«)JE«ffi«!iT2 2 <&^SefflU;fcf2©'\-y h* 1 0 <£fliiJ^Lfc 
croia&'sy h* 1 0 fCf^x.T/S:t)*«»^:- H<7)ffi 
«tii!iT2 2-^m^\^-kM1^^-j H 1 0 5:ffltiT=b«J; 

[0 0 8 3] Uii. B(Fl2lilS}^^T«. SipSSiLT 

2 5° Q,^m\zmitz.i)'^. z.0)umi.m^\z.m.'&t^z. 

tii^X'^^iit)^K>X-^<. 2 0° C~3 0° Ctl^oX 
[0 0 8 4] 

m^ai^m^'o<o^mumzm-:ii^x. gsmetse 

[0 0 8 5] ^LT. i^l±5fiS*««i*}aS<fcDi^t^t# 

miz^if^mffmmtm^<Dmffmm\zmm-t^^iiii^ 

[0 0 8 6] Sfc. ^tBiaS*^*aipfiSJ;D(giii^(c 

it. »tiiiwm<Dmamm^Amf^m<,zii'<f^mmmmm 
miziii,-f^m^7mmtmm<omf7mm\zmm-r^:iti!>^ 
[0 0 8 7] 3e>tc*;t, ^aiiastc:jsi;T*FBisa<& 
i)H>'!7(D$bmizi^^-rmmzti.^^'D\zmm't^zt 

[0 0 8 8] Lfc*<oT, -f >i7»S©a:liJ^3tttdtffl« 
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